Ketonaemia is well documented as a consequence of prolonged starvation, acute alcoholism, and uncontrolled diabetes mellitus. However, its occurrence in acute pancreatitis has not been described. In this report, three patients who manifested ketoacidosis at the time of presentation of acute pancreatitis are described. In none of these patients could ketoacidosis be attributed to any of the well known pathogenetic factors such as ethanol, diabetes mellitus or prolonged starvation. In one patient, both the serum ketone titres and increased anion gap persisted for several days during the recovery period, despite appropriate therapy (including restriction of oral intake or nasogastric suction, intravenous fluids, and analgesic administration), before declining in parallel with a decrease in serum lipase levels, and became undetectable following near normalisation of serum lipase. Therefore, we believe that pancreatic ketosis or ketoacidosis may be a distinct syndrome with ketogenesis being promoted and maintained by extremely high circulating pancreatic lipase concentrations.
Introduction
Ketonuria and/or ketonaemia with or without acidosis are known to occur during prolonged starvation (starvation ketosis), with uncontrolled diabetes mellitus, usually of the insulindependent type (diabetic ketoacidosis), or following ethanol ingestion (alcoholic ketoacidosis).'-5 I describe herein three subjects who manifested ketoacidosis in association with acute pancreatitis. In all of them, acute pancreatitis was the initial diagnosis and ketoacidosis was detected on evaluation of serum chemistry profiles and arterial blood gas analyses determined on presentation. In two patients, acute pancreatitis was secondary to type V hyperlipidaemia while in the third it occurred following endoscopic retograde cholangiopancreatography. Thus, none of the known causes of ketonaemia described above were responsible for ketoacidosis in these patients. Markedly increased circulating lipase concentration secondary to acute pancreatitis may be the causative factor in promoting and sustaining ketoacidosis in these subjects.
Methods
During 1989, 20 subjects were hospitalised for management of acute pancreatitis; in 17 of these ketonaemia and/or ketonuria were detected at the time of admission. Fourteen of these were excluded from further evaluation because of their history of either diabetes mellitus (seven subjects), acute alcohol ingestion, and/or duration of symptomatology of over 72 hours, in order to eliminate the known pathogenetic factors promoting ketogenesis, ie, diabetic ketoacidosis, alcoholic ketoacidosis and starvation ketosis. The remaining three patients are described below.
All laboratory tests were determined by the clinical laboratory at the medical centre. Serum C-peptide and beta hydroxybutyrate concentrations in Patient 2 were assessed by a commercial laboratory (Metwest Clinical Lab, Phoenix, Arizona The patient made a full recovery within the next week with intravenous administration of initial bolus of 50 ml of 50% dextrose followed by liberal quantities of 5 % dextrose along with insulin, withholding of oral intake until return of active bowel sounds followed by gradual progression oforal feeding initially with liquids and later with solids. The patient was discharged on the 17th day of hospitalisation with instructions to continue therapy with gemfibrozil. The patient's blood pressure continued to show moderate orthostatic change throughout hospitalisation.
Patient 3
A 41-year-old, obese, white man was admitted with a history of worsening abdominal pain radiating to the back accompanied by severe nausea, retching and recurrent vomiting of two days' duration. The patient reported a previous episode of similar illness requiring hospitalisation for several days and diagnosed to be acute pancreatitis approximately eight years ago. The major cause of this previous episode of pancreatitis was thought to be familial type V hyperlipidaemia and hence the treatment with gemfibrozil was initiated. The patient had continued gemfibrozil for three years but had discontinued therapy during the five years prior to this hospitalisation. The patient was taking no medication at the time of admission. Family history revealed the presence of type V hyperlipidaemia and recurrent acute pancreatitis and diabetes mellitus in his father.
Physical examination revealed: pulse 110/ min; temperature 99°F; and blood pressure 130/90 mmHg in supine position and 105/ 80 mmHg while standing. The respirations were deep at a rate of 26/min. Skin and mucous membranes were dry. Several eruptive xanthomata were present on chest, thighs and buttocks. Abdominal examination noted tenderness and guarding in the epigastric area, but no rigidity or rebound tenderness. Bowel sounds were hypoactive and distant. Rectal examination was normal and stool was guaiac negative. The rest of the systemic examination was normal with the exception of tachycardia.
The results of laboratory findings are given Causes of ketoacidosis * starvation * alcohol * diabetes mellitus in tables 1 and 2. The diagnosis of acute pancreatitis was confirmed by abdominal CT scan.
The patient was managed with therapeutic measures, ie, analgesia, nasogastric suction, antacids, and intravenous fluids (5% dextrose in normal saline) until resumption of oral intake. Serum amylase decreased gradually and normalised over one week. However, both serum ketone titers and anion gap levels remained elevated for almost two weeks despite a gradual decline after initial worsening, and normalised only with near normalisation of serum lipase concentration (table 3) .
Discussion
Ketoacidosis in our patients cannot be attributed to a lack oforal intake, since ketonaemia and/or ketoacidosis is not a frequent manifestation of starvation.12 Furthermore, starvation could not be responsible for the persistence of ketonaemia in patient 2, since abundant quantities of glucose were infused initially followed by resumption of oral intake during the period of observation. Alternatively, ketoacidosis is frequently attributed to ethanol ingestion. However, alcoholic ketoacidosis is unlikely since serum ketone titers are negative or only minimally elevated in this syndrome,6-9 whereas all our patients manifested moderate to severe ketonaemia and ketonuria. Furthermore, in none of these patients was alcohol an offending agent in precipitating acute pancreatitis. Another well-established pathogenetic factor in promoting ketoacidosis, namely diabetes mellitus3'4 was not present in any of our patients. Therefore, ketoacidosis in these subjects with acute pancreatitis could not be attributed to known causes (see box). Finally, markedly elevated levels of glucose counterregulatory hormones ie, catecholamine, cortisol, growth hormone, etc, noted in acute pancreatitis [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] may contribute slightly to ketogenesis. However, ketonaemia is unlikely in the presence of adequate circulating insulin levels since even minimal circulating insulin concentrations are known to blunt the effect of these hormones, as documented in hyperglycaemic hyperosmolar nonketotic states." -24 Thus, ketonaemia is unlikely to be secondary to elevated glucose counter-regulatory hormones and/or insulin deficiency in our patients as circulatory insulin concentrations were adequate (as reflected by an increased serum C-peptide concentration in one subject and lack of hyperglycaemia in the other two subjects on admission). Hypoglycaemia in patient 2 cannot be attributed to prolonged starvation as reflected by the adequate food intake during hospitalisation, as well as the increased Cpeptide concentration. The enhanced endogenous insulin secretion in these patients may be secondary to its stimulation by markedly elevated free fatty acids and their products as described previously in studies assessing the effects of lipids on pancreatic a-and P-cell function.25'26 Therefore, it seems likely that the acute pancreatitis itself was responsible for ketoacidosis in all these cases, since both ketonaemia and ketoacidosis resolved with recovery from the disease.
Pancreatic lipase is known to promote local fat digestion and necrosis following its leakage into the mesentery, frequently resulting in hypocalcaemia. Two of the three patients manifested hypocalcaemia, thus suggesting ongoing mesenteric fat breakdown, while the third patient demonstrated mesenteric fat necrosis at autopsy. Therefore, ketoacidosis in these patients could be attributed to enhanced mobilisation oftissue adipose stores induced by elevated circulating lipase concentrations. This hypothesis is supported by our finding that, in one patient, serum ketone titers and anion gap increased initially despite institution of appropriate therapy before gradually declining over several days with a concurrent fall in serum lipase levels and became normal only following near normalisation of serum lipase concentration (table 3) . It is also apparent that lipid breakdown induced by circulating pancreatic lipase may not be inhibited by insulin since ketoacidosis occurred despite adequate circulating insulin concentration as reflected by a raised serum C-peptide level in patient 2 who manifested hypoglycaemia and in the others with euglycaemia in conjunction with ketoacidosis. Therefore, we believe that ketosis or ketoacidosis secondary to acute pancreatitis is a distinct, though previously unrecognised syndrome, induced and maintained by extremely high levels of pancreatic lipase in the circulation.
